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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to integrated circuits, and more specifically to 
semiconductor integrated circuits having a stack of conducting layers separated by 
1 5 insulating layers. 

2. Description of Related Art 

In conventional integrated circuits, electrical connections must be made 
between conducting metallized layers that are on different levels and separated by one 
20 more insulating layers. In a conventional manufacturing process, two conducting 

layers are electrically connected through vias, which are holes in the insulating layer 
that are filled with metal. In order to reduce the width of the metal lines of a 
conducting metallized layer, lines having a width equal to the width of the vias are 
used. 

25 This type of integrated circuit can be produced using the "Damascene" process 

in which a first insulating layer is deposited on a metallization layer of level n and 
holes are etched through the insulating layer. The metal for the via is then deposited 
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and polished until it is level with the upper surface of the insulating layer, and then a 
new insulating layer is deposited on the formed via of level n. The trenches for the 
lines are etched, metal for the lines of the metallization layer is deposited and then 
polished until it is level with the upper surface of the insulating layer, and so on. A 
5 via normally has to be precisely positioned on a line, and a line of the subsequent 

metallization level normally has to be precisely positioned on the via. 

However, due to the alignment tolerances of the machines for photoetching the 
holes and trenches in which the vias and lines are formed, an offset can occur (e.g., of 
about one-third of the width of a hole or trench). Thus, when etching an insulating 

10 layer, the existing via or line in the lower insulating layer does not form an etching 

stop barrier over the entire surface of the trench or hole during the etching process. 
As a result, the etching can be carried out in the lower layer on one side of the via or 
line without any accurate control of the depth of the hole in the lower insulating layer. 
When the hole in the upper layer is then filled with metal, the contact area between the 

1 5 via and line is not accurately known and thus the electrical resistance between these 

two elements is not easily known. With respect to the lines, the depth of the trenches 
cannot be reproducibly controlled so there is a spread in line resistances. 

There is another conventional process differing slightly from the one described 
above that seeks to control the depth of the trenches by avoiding lateral contact 

20 between vias and lines of different levels. In this process, a "stop layer" is placed on 
the lower insulating layer. The holes in the stop layer and in the lower insulating layer 
are etched, the holes are filled with metal and polished, and then an upper insulating 
layer and an upper stop layer are deposited. The hole in the upper insulating layer is 
etched using a process that is incapable of etching the lower stop layer so the etching 

25 stops on the upper surface of the stop layer. 

The etching is begun using a process that is capable of etching each stop layer. 
Because the thickness of the stop layers is relatively small compared with the 
associated insulating layers, it is possible to interrupt the etching before the entire 
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thickness of the associated insulating layer has been etched. The etching is selectively 
stopped with respect to the stop layer and the associated metallization level. Thus, the 
hole in the upper insulating layer is bounded by the upper surface of the lower stop 
layer and the metallization level or associated vias. As a result, the etching depth of a 
5 hole or trench is controlled satisfactorily, even when there is an offset between the 

vias and the lines of two adjacent layers. However, when there is such an offset, the 
contact area between a via and a line in superposition £a%be lessened so as to cause 
an increase in the electrical resistance between these two elements. 

1 0 SUMMARY OF THE INVENTION 

In view of these drawbacks, it is an object of the present invention to 
overcome the above-mentioned drawbacks and to provide a process that makes it 
possible to both control the etching depth and obtain contact areas that are sufficiently 
large and relatively constant. In the process, a second dielectric layer is formed above 

15 a first dielectric layer, and holes and/or trenches are etched in the first and second 

dielectric layers. The holes and/or trenches are filled with metal in order to form 
electrical connection elements, and at least a third dielectric layer is formed. Holes 
and/or trenches are selectively etched in the third dielectric layer and the second 
dielectric layer with respect to the first dielectric layer and the elements, in order to 

20 control the depth of the etch. If there is an offset between vias or lines in 

superposition, a lateral contact between these two elements can be made within the 
thickness of the dielectric layer placed under the third dielectric layer while at the 
same time controlling the depth of the trenches (or of the elements in general). Thus, 
it is possible to keep the contact area between these two elements substantially 

25 constant so as to improve the integrated circuit by taking advantage of a characteristic 

that constituted a defect in conventional circuits. 

Another object of the present invention is to provide an integrated circuit 
having substantially constant electrical resistance between superposed vias. The 
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integrated circuit is of the type having metallization levels separated by dielectric 
layers and metallized vias connecting lines of different metallization levels. 
Additionally, the integrated circuit includes first and second metallization levels, first 
and second superposed dielectric layers located above the first metallization level, and 

5 a third dielectric layer located above the first and second dielectric layers. At least one 
electrical connection element is provided in the third dielectric layer and passes 
through the second dielectric layer until it comes into contact with the first dielectric 
layer. Because the metallized elements have a lateral surface adjacent to their upper 
surface, at least one element, via, or line includes a portion level with the adjacent 

0 dielectric layer below the third layer, in contact with the lateral surface of the 

corresponding element provided in the two layers. Thus, the thickness of the lines and 
their electrical resistance are satisfactorily controlled. 

Other objects, features, and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, however, 

5 that the detailed description and specific examples, while indicating preferred 

embodiments of the present invention, are given by way of illustration only and 
various modifications may naturally be performed without deviating from the present 
invention. 

0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of a conventional integrated circuit; 
Figure 2 is a sectional view of another conventional integrated circuit; 
Figures 3a through 3h and 3e' through 3h f are sectional views showing 
integrated circuit fabrication according to one embodiment of the present invention; 

5 and 

Figures 4a through 4h and 4e' through 4h' are sectional views showing 
integrated circuit fabrication according to another embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described in detail 
hereinbelow with reference to the attached drawings. 

Figure 1 shows a conventional integrated circuit. As shown, a lower dielectric 
5 layer 1 is provided with a via 2 that passes through its thickness to provide electrical 
connection between a metallization level adjacent to its lower face la and a 
metallization level adjacent to its upper face lb. An upper dielectric layer 3 that 
covers the upper face lb of the lower dielectric layer 1 is provided with two lines 4 
and 5. The lines 4 and 5 are placed in trenches that are etched in the thickness of the 

10 upper dielectric layer 3 to form a metallization level. To guarantee that the trenches 

are deep enough to reach the upper face lb, the etching step is continued for long 
enough to be sure that this level has been reached. Thus, part of the thickness of the 
lower layer 1 is also etched. However, the thickness of the lower layer that is etched 
is not accurately known. 

15 Frequently, the vias and lines of the two superposed dielectric layers are offset. 

For example, line 4 is shown offset with respect to the via 2 by approximately one- 
third of its width. During the etching of the trench for the lines 4 and 5, the via 2 
stops the etching. Nevertheless, because of the offset, the etching continues on the 
side of the via 2 to a depth that cannot be accurately controlled. Similarly, the depth 

20 of the trench 5 also cannot be controlled. 

During the deposition of the metal for the lines 4 and 5, the portion of the hole 
on the side of the via 2 is also filled with metal so as to form a portion 4a of the line 4 
that lies below the upper surface lb of the lower layer 1 adjacent to the via 2. Because 
the thickness etched in the lower layer 1 during the etching of the upper layer 3 and 

25 consequently the thickness of the line portion 4a are not accurately known, the contact 

area between the via 2 and the line 4 also cannot be accurately known because contact 
takes place not only through the surfaces of the via 2 and the line 4 that are flush with 
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the upper face lb of the lower layer 1, but also through the edge of the via 2 and the 
line portion 4a. 

Figure 2 shows another conventional integrated circuit. This integrated circuit 
has a stop layer 6 deposited on the upper surface lb of the lower layer 1 to support a 
5 metallization level (not shown). The stop layer 6 can be composed of nitride, with the 
dielectric layer 1 composed of silicon oxide. Further, the stop layer 6 can be 
composed of high-density silicon oxide, with the dielectric layer 1 composed of an 
insulator having a lower electrical permittivity. In general, the stop layer 6 is 
composed of a material that cannot be etched while an adjacent dielectric layer is 

10 being etched. 

The via 2 is deposited in the thickness of the lower layer 1 and stop layer 6. 
The upper dielectric layer 3 also receives a stop layer 7, with the lines 4 and 5 being 
deposited through the upper layer 3 and the stop layer 7. When the stop layer 7 and 
the upper layer 3 are being etched, a process capable of etching the stop layer 7 is first 

15 used. After the stop layer 7 has been etched, another process capable of selectively 

etching the upper dielectric layer 3 with respect to the via 2 and the stop layer 6 is 
used. Thus, the etching stops on a plane surface formed by the stop layer 6 and the via 
2. 

When there is an offset between the holes and vias of two adjacent superposed 
20 layers, the contact between the via 2 and the line 4 takes place only over a plane 

surface that is common to the via 2 and the line 4. Consequently, the contact surface 
has a smaller area than the area of one of those two elements. Although the depth of 
the lines is controlled, this reduction in contact area between the via 2 and the line 4 
results in an increase in the electrical resistance, to the detriment of the proper 
25 operation of the integrated circuit. 

Figures 3a through 3h (and 3e' to 3h') show integrated circuit fabrication 
according to one embodiment of the present invention. As shown, the process begins 
(Fig. 3a) with the deposition of a first dielectric layer 10 on a metallization layer (not 
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shown) of level n. Next, a second dielectric layer 1 1 of small thickness (compared to 
the dielectric layer 10) is deposited as a stop layer. An additional dielectric layer 12 of 
small thickness is then deposited on the stop layer 11. Next (Fig. 3b), holes 13 are 
etched using a process capable of etching the dielectric layers 10, 11, and 12 (or using 
5 a succession of processes). The hole 13 is filled with metal to form a via 14 (Fig. 3c), 

and then a third dielectric layer 15, a fourth dielectric layer 16, and an additional 
dielectric layer 17 are deposited on the additional dielectric layer 12 and the via 14 
(Fig. 3d). 

Next (Fig. 3e), the additional dielectric layer 17 and the fourth dielectric layer 

10 16 are non-selectively etched, and then the third dielectric layer 15 and the additional 

dielectric layer 12 are selectively etched with respect to the second dielectric layer 11. 
Thus, trenches 18 and 19 are obtained. In the absence of an offset, the trench 18 stops 
at the upper end of the via 14 and the trench 19 stops at the second dielectric layer 1 1 . 
The trenches 18 and 19 are filled with metal in order to form lines 20 and 21 (Fig. 3f). 

1 5 This process is preferably repeated in a similar manner in order to form a stack of 

metallization levels that are separated by dielectric layers (Figs. 3g and 3h). The 
thickness of the dielectric layers can vary depending on the metallization level. 

On the other hand, if there is an offset (Fig. 3e'), the etching of the trench 18 
stops partially at the via 14 and partially at the second dielectric layer 11. The depth 

20 of the additional etching between the via 14 and the second dielectric layer 1 1 is 

known to be equal to the thickness of the additional dielectric layer 12. Next, metal is 
deposited in the trenches 1 8 and 19 in order to form the lines 20 and 21 (Fig. 3f ). The 
line 20 includes a portion 20a that extends over the thickness of the additional 
dielectric layer 12 on a lateral surface of the via 14, adjacent to the end surface of the 

25 via 14. Contact between the via 14 and the line 20 takes place through both the end 
and the adjacent lateral surface of the via 14 over an always constant height of the 
lateral surface. Thus, the contact area between the via 14 and the line 20 is accurately 
known so that the resistance between the via 14 and the line 20 is also accurately 
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known. Further, the depth of the line 21 and its resistance are also known. As 
explained above, these steps are preferably repeated in order to obtain an integrated 
circuit having a large number of layers (Figs. 3g' and 3h'). 

Figures 4a to 4h (and 4e' to 4h') show integrated circuit fabrication according 

5 to . another embodiment of the present invention. In this embodiment, the first 

dielectric layer 10 is covered with a thick second dielectric layer 1 1 that forms a stop 
layer (Fig. 4a). The second dielectric layer 1 1 and the>fifet dielectric layer 10 are 
etched (Fig. 4b) in order to obtain a hole 13 that is filled with metal to form a via 14 
(Fig. 4c). Then, a third dielectric layer 1 5 and ai fourth dielectric layer 16 are 

0 deposited on the second dielectric layer 1 1 and the metallization level n+ 1 (Fig. 4d). 
The fourth dielectric layer 16 and the third dielectric layer 15 are non-selectively 
etched, the third dielectric layer 1 5 is selectively etched with respect to the second 
dielectric layer 11, and then the second dielectric layer 1 1 is selectively etched with 
respect to the first dielectric layer 10 (Fig. 4e). 

5 Thus, trenches 18 and 19 in a configuration similar to that of Figures 3a 

through 3h (with or without an offset) are obtained. The trenches 18 and 19 can then 
be filled with metal to form the lines 20 and 21 (Fig. 3f), with the process being 
preferably repeated for subsequent layers so as to form an integrated circuit having 
multiple metallization levels. The structure of the integrated circuit of Figures 4a 

0 through 4h is simpler than the integrated circuit of Figures 3a to 3h because the 

intermediate dielectric layer between the two metallization levels is omitted. On the 
other hand, the second dielectric layer 1 1 is thicker, and this can increase stray 
interline capacitances. 

Accordingly, the present invention provides an integrated circuit in which the 

5 resistances of the superposed vias and lines are satisfactorily controlled. Thus, it is 

possible to enhance the performance of the integrated circuit and to improve quality 
by reducing the number of defects. Further, the fabrication process for forming such 
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an integrated circuit is relatively simple and can be carried out using existing 
fabrication machines. 

While there has been illustrated and described what are presently considered to 
be the preferred embodiments of the present invention, it will be understood by those 
5 skilled in the art that various other modifications may be made, and equivalents may 
be substituted, without departing from the true scope of the present invention. 
Additionally, many modifications may be made to adapt a particular situation to the 
teachings of the present invention without departing from the central inventive 
concept described herein. Furthermore, other embodiments of the present invention 
10 may not include all of the features described above. Therefore, it is intended that the 

present invention not be limited to the particular embodiments disclosed, but that the 
invention include all embodiments falling within the scope of the appended claims. 



Docket No. 97-CC-240 



9 



